The extent of methane emissions
worldwide is significant and indis-
putable. The economic benefits from
containing such emissions are equally
compelling. These include higher rev-
enue from additional gas sales and labor
savings, carbon credits, and greater
process efficiency.

This article summarizes a number of
proven methods to identify, measure,
and reduce methane emissions from a
wide range of equipment in produc-
tion and processing facilities as well as
through transmission and distribution
facilities in the gas supply chain.

In addition, the article provides
examples of measures companies are
taking and technologies they are using
to deliver greater revenue as well as
environmental benefits to shareholders
worldwide.

The case studies presented here and
the complete range of projects being
implemented by industry demonstrate
several facts:

* Identification and quantification of
existing methane emissions constitute a
key first step to project implementation.

* Proven recovery technologies pro-
vide compelling economic and environ-
mental benefits.

* Company leadership at the highest
levels accelerates implementation by
aligning resources and capital to utilize
emissions reductions.

Containment of methane emissions
from the global oil and gas infra-
structure represents an opportunity to
improve the environment and gener-
ate substantial economic and energy
benefits.

Methane emissions mitigation is of
interest not only to operators but also
to service providers, investment banks,
corporate shareholders, and the public.
Methane mitigation work has increased
as a result of a collaborative effort by
this diverse set of stakeholders.

Global emissions

While methane is a source of clean
energy, it also is a very potent green-
house gas. Lost into the atmosphere
each year from oil and gas operations
worldwide is nearly 82 billion cu m

of methane, which equates to a loss of
about $20 billion in revenue.' More-
over, these emissions have an equivalent
annual greenhouse gas effect compa-
rable to adding more than 200 million
vehicles to the roadways.

Methane emissions resulting from oil
and gas production, processing, trans-
mission, and distribution operations
can take the form of unintentional leaks
as well as venting

from operational
processes. Such
practices include
venting from well
cleanups or work-
overs, reciprocating

Technology drives methane
emissions down, profits up

and centrifugal
compressor operation, crude oil and

Key methane conversions

11CO,e = 1 tonne carbon dioxide
equivalent

1 Mcm = 1,000 cu m

1 Mcm methane = 14.3tCO,e

1 Mcf = 1,000 cu ft

1 Mcm = 35.3 Mcf

1 Mcf = 0.404 tCOe

condensate storage tanks, and pipe-
line repairs. Table 1 indicates methane
emission trends in several key countries
with established or growing oil and gas
infrastructures.

The US Environmental Protection
Agency projects that global methane
emissions will grow by more than
33% during 2005-15. These emissions
represent a compel-
ling opportunity to
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Table 1
additional revenue
K 1995 2005 2015
with the technolo- Estimated methane emissions
. . . Country Million tonnes CO, equivalent
gies discussed in
: Russia 241.5 172.7 186.7
the balance of this ic Caly T ey
article. Mexico 44.6 772 136.7
Ukraine 82.1 90.8 98.2
Venezuela 35.1 45.4 63.3
el / India 12.6 26.0 49.9
Mltl.ga tlon Uzbekistan 30.4 39.7 45.4
options Canada 35.1 383 408
China 2.6 6.3 16.7
Colombia 1.5 1.9 2.7
Profitable methane Total 6376 625.9 795.4
emission reduc- World 9773 1,165.0 1,569.7

tion projects exist
throughout the en-

Source: US EPA, “Global Anthropogenic Non-CO, Greenhouse Gas Emissions: 1990~
2020," June 2006, Appendix B-1
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tire gas infrastructure, from wellhead to
burner tip. Methane emission reduction
strategies generally fall into one of three
categories:

* Employing new technologies or
upgrading equipment to reduce venting
or fugitive emissions.

* Improving operational procedures.

* Enhancing management practices.

The information presented here
updates and expands on analyses previ-
ously published in OGJ on cost-effective
technologies to cut methane emissions
globally.’

Various project options such as
upgrading compressors, replacing
pneumatic devices, and conducting leak
surveys have broad applicability globally
and across the industry.

Based on EPA emissions estimates
and Energy Information Administra-
tion production estimates,’ more than
2.8% of net worldwide dry gas produc-
tion is emitted to the atmosphere. Each
emissions source represents unrealized
revenue. Table 2 provides information
on proven, cost-effective technologies
and practices that have broad applica-
bility in addressing major sources of
methane emissions from oil and gas
operations. Investment costs for these
technologies and processes range from
$0 to $324,000, with payback periods
ranging from immediate to 21 months.
Operators can recover their investments
through a number of economic chan-
nels, including gas sales revenue, carbon
credit revenue, on-site fuel use, reduced
labor costs, reduced capital replacement
costs, lower environmental permit-
ting costs, and reduced environmental
impact. Project examples were selected
from representative successful field
implementations for specific emissions
sources. In each case, operators identify
emissions sources, quantify the product
loss, and apply off-the-shelf, mature
solutions to recover methane.

Tanks

Crude oil and gas condensate
production field tanks hold petroleum
liquids briefly to stabilize flow or for
trucking or pipeline transportation to
processing and refinery sites. During
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storage, light hydrocarbons dissolved in
the crude oil—including methane—va-
porize or “flash” and vent to the atmo-
sphere from fixed-roof field production
tanks. When uncontrolled, these tanks
vent 0.2-1.2 cu m/year of methane/bbl
of crude oil and condensate.

One way to capture tank emissions
is to install vapor recovery units (VRUS)
on oil and condensate storage tanks.
VRUs are relatively simple compression
systems that can recover about 95% of
tank vapors for sale or for use on site
as fuel. Since tank vapors also include
hydrocarbons heavier than methane, on
a volumetric basis, the recovered vapors
can be more valuable than methane
alone. AVRU project under way by Oc-

cidental de Colombia (Oxy) illustrates
how methane and nonmethane tank
Vapors can represent eConomic oppor-
tunity.

Oxy'’s Cano Limon facilities in Co-
lombia produce 35 million bbl/year of
crude oil that flows through production
site tanks, emitting about 166,000 cu
m/year of methane. Oxy identified this
product loss and is now modifying its
facilities to include VRU and booster
compressors to boost vapors to a high
pressure (Fig. 1).

Following compression, existing air
coolers lower the stream temperature to
ambient temperature. The compressed
vapor then expands through a valve into
a scrubber, which reduces the stream to



IVIETHANE EMISSIONS-REDUCTION POTENTIAL, COSTS rgp  losemethane through the seal between
25 the driver shaft and compression case.
_ _ Many centrifugal compressors are
50 {C0Iombia Canada Mexico configured with oil seals, called “wet
*Zu Ukraine F Russia Is.” . .
S seals,” at the point where the rotating
2 15 driver shaft exits the high pressure case.
g Wet seal systems circulate oil across
c 10 the seals to create a barrier between
o
g / compressed gas and the atmosphere.
© 5 Although these are very good seals, the
E{ *,J seal oil absorbs methane and must be
0

10 20 30

40 50 60 70

Cumulative reductions, million tCO,e

*Tonnes of carbon dioxide equivalent.

Source: Country level methane emissions estimates from: US EPA, “Global Anthropogenic Non-CO, Greenhouse Gas Emissions:
1990-2020," June 2008, Appendix B-1, and company-specific project results from implementation of a variety of top methane
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subambient temperature and condenses
the heavier components. Condensed
liquids are blended with the crude oil,
and noncondensable vapor, including
methane, is flared.

The feasibility study estimates vapor
recovery and booster compressor
investments of about $1.57 million
for equipment costs. Operating and
maintenance costs are estimated at
$805,000/year. For its investment,
Oxy will benefit from an estimated
incremental 360,000 bbl/year of con-

densate blended into the crude, worth
about $18 million/year at a nominal
$50/bbl. The project also eliminates
methane venting from tanks.

Compressors
Compressors are a logical focus

area for methane emissions due to the

variety of emissions encountered with

operation of these units. Both recipro-

cating and centrifugal compressors po-
tentially vent methane when taken out
of service. Both compressor types also

degassed to maintain viscosity and lu-
bricity. The methane-rich gas is normal-
ly vented to the atmosphere at remote
field locations. A single wet seal cen-
trifugal compressor can vent as much as
1.8 million cu m/year of methane.

Wet seals can be replaced with “dry”
seals, which provide the same barrier
to high pressure gas leakage with lower
operating and maintenance costs and
lower methane emissions. Each dry seal
upgrade reduces methane emissions by
1.2-1.7 million cu m/year, or 67-98 %.

Petroleos Mexicanos (Pemex),
Mexico’s nationally owned petroleum
company, has upgraded three wet seal
centrifugal compressors with dry seals
as part of a larger methane emissions
reduction strategy. Dry seal first year in-
vestment costs are typically $317,000/

ToP METHANE EMISSIONS-REDUCTION TECHNOLOGIES, PRACTICES

Table 2
Value of natural

Methane saved,’ gas saved,? Implementation Payback,
Action Mcm/year $/year cost, $ months
Tanks
Install vapor recovery units 109-2,142 30,300-606,800 35,738-103,959 3-19
Compressors
Replace reciprocating compressor rod packing 19 6,055 540 2
Replace centrifugal compressor wet seals with dry seals 1,188 315,840 324,000 10
Keep compressor pressurized when idle 116 30,800 0 Immediate
Route compressor blowdown to fuel gas when idle 151 40,215 1,754 3
Route compressor blowdown to fuel gas and install static seal when idle 183 48,615 4,210 7
Instrumentation and controls
Replace high-bleed pneumatics 1-6 350-1,400 210-340 3-8
Retrofit high-bleed pneumatics 6 1,610 675 6
Improve maintenance on high-bleed pneumatics 1-7 315-1,820 0-500 Immediate-4
Replace pneumatics with instrument air systems 527 140,000 60,000 6
Component leaks
Conduct DI&M? at compressor stations 775 205,889 47668 8
Conduct DI&M at gas processing plants 1,004-3,371 200,000-439,000 71,000-182,000 4-5
Conduct DI&M at gate stations 1-5 4,200 27-1,617 Immediate-5
Other—production related
Perform reduced-emissions completions 8,510 2,669,370 14,260 less than 1
Install plunger lifts 105-407 32,900-127,750 2,591-10,363 2-14
Other—pipeline related
Repair pipelines with composite wrap 104 27720 5,648 3
Perform pipeline pump-down 5,268 1,400,000 98,757 1
Other—dehydrator related
Reduce glycol circulation rates 4-372 2,758-8,338 0 Immediate
Install flash tank separator 7-201 8,338-75,019 6,500-18,800 -1
Install desiccant dehydrator 24 7441 15,787 21

'Based on 78.8% methane in upstream gas and 93% methane in downstream gas. *Natural gas valued at 25¢/cu m ($7/Mcf). *Directed inspection & maintenance.

Source: US EPA Natural Gas STAR recommended technologies and practices (www.epa.gov/gasstar/techprac.htm)
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compressor or $12.40/tonne of carbon
dioxide equivalent (tCO,e) methane
saved. Benefits of the investment include
increased throughput, reduced methane
emissions, and avoided seal oil system
operating and maintenance costs, which
pay back the investment in about 10
months. On average, operators report
saving about $316,000/year in reduced
methane emissions and $88,000/year
in avoided operating costs on each
COMpressor.

Instrumentation, controls

Gas-powered pneumatic valve con-
trol devices are one of the largest sourc-
es of methane emissions from oil and
natural gas operations. The emissions
come from a continuous “bleed” or
gas vent stream that transfers a process
measurement to a control valve actuator.
Many pneumatic devices worldwide are
considered “high-bleed” devices and
typically vent more than 1,500 cu m/
year of methane for each control loop,
which consists of the valve actuator
and the process measurement control
such as a level, pressure, or temperature
control. While facilities that are able to
do so could implement pressurized air,
electric controls, or mechanical con-
trols—the only power source available
at remote, nonelectrified sites—may be
pressurized gas.

Operators are replacing older model,
high-bleed controllers with “low-
bleed” gas pneumatic devices, which

can perform the same function but
reduce bleed rates by 1,000-5,000 cu
m/year. As low-bleed pneumatic devices
have become the industry standard,
their capital costs are often lower than
high-bleed pneumatic devices. Methane
savings from low-bleed devices pay
back the device replacement within 3-8
months.

Marathon Oil Co. is one operator that
reduced product loss from pneumatic
devices. The company used the Bacha-
rach Inc. Hi Flow Sampler to survey
controllers at 50 production sites. It
found that high-bleed devices account-
ed for 35 of'its 67 level controllers, 5 of
the 76 pressure controllers, and 1 of its
15 temperature controllers. Measured
gas emissions amounted to 145,000 cu
m/year. Marathon concluded that high
bleed rates can often be identified quali-
tatively by sound, facilitating identifica-
tion of the product loss.*

Component leaks

All valves, flanges, connections,
open-ended lines, and other com-
ponents in the gas infrastructure are
potential sources of methane emissions
(Table 3). Unintended component
leaks develop over time in response
to temperature fluctuations, pressure,
corrosion, mechanical vibration, defec-
tive installation, and wear. These leaks
are usually invisible and odorless and
therefore go unnoticed. The very large
number of components with individu-

IVIETHANE LEAK RATES FOR
DIFFERENT FACILITY TYPES

Table 3

Typical methane
leak rate,

Methane leak source 1,000 cu m/year

Production well

Processing facility
Transmission station 91
Distribution facility 45

0.5 to over 10
82

Source: US EPA, “Inventory of US Greenhouse Gas
Emissions and Sinks"”

ally small leaks compound into signifi-
cant methane losses.

One proven solution for addressing
these leaks is implementing a directed
inspection and maintenance (DI&M)
program. DI&M is a proven, cost-effec-
tive way to detect, measure, prioritize,
and repair equipment leaks to reduce
methane emissions. A DI&M pro-
gram begins with a baseline survey to
identify and quantify leaks. Subsequent
surveys are based on data from previous
surveys, allowing operators to concen-
trate on the components that are most
likely to leak and are profitable to repair.
Several leak screening techniques are
commercially available, ranging from
a soap solution to infrared leak imag-
ing cameras (Table 4). Baseline survey
results typically show that the large ma-
jority of fugitive methane emissions are
from a relatively small number of leak-
ing components that can be targeted for
monitoring. A simple investment in la-
bor yields benefits of increased produc-
tion or throughput, reduced emissions,
and potential carbon credits.

With these DI&M concepts in mind,
Cherkassytransgas (CT) in Ukraine
hired Indaco Air Quality Services to sur-
vey two of its compressor stations. Inda-
co’s survey used catalytic oxidation and
thermal conductivity detectors com-
bined with soap solution to identify
280 leaks. Each emission was quantified
with the Hi Flow Sampler, and the total
methane emissions rate was over 2.8
million cu m/year. Recognizing these
results as a product loss and potential
market commodity, CT prioritized
repair work, ultimately repairing 227 of
the 280 emissions sources to save 1.9
million cu m/year. Nonrepaired emis-
sions include leakage from compressor



IVIETHANE LEAK SCREENING AND MEASUREMENT TECHNIQUES

Instrument-technique

Application and usage

have more potential
reductions than

Table 4

Approximate

capital cost countries such as

Soap solution

Electronic gas detectors
Acoustic-ultrasound detectors
Flame ionization detector
Infrared leak imaging camera
Rotameter

Hi Flow Sampler

Survey of small point sources, such as connectors

Survey of flanges, vents, large gaps, and open-ended lines
Survey of all components, including larger leaks and inaccessible components
Survey of all components

Survey of all components, including inaccessible components
Measurement of very large leaks

Measurement of most accessible components with leak rates

below 326,000 cu m/day

Bagging

Measurement of most accessible components

Colombia having

$124-619 .
less infrastructure.

Under $1,238
$1,238-24,764
Under $12,382
$73,000
Under $1,238

Under $12,382
Under $12,382

All countries have oil
and gas infrastruc-
ture to some degree,
and countries with

Source: US EPA Natural Gas STAR recommended technologies and practices (www.epa.gov/gasstar/techprac.htm)

unit valves and blowdown valves. Meth-
ane savings were confirmed with post
repair measurements. Survey, measure-
ment, repair, and training required an
investment of $7/tCO e/year saved. In
addition, CT expects to gain additional
revenue through exchanging carbon
credits with a Canadian buyer for an-
other $160,000/year over the course of
10 years.’®

The Kursk Natural Gas Distribution
Co. (Kurskgas) in Russia also identi-
fied methane leaks as an opportunity.
Kurskgas retained Heath Consultants to
survey 47 regulator stations in Novem-
ber 2005. Using catalytic oxidation and
thermal conductivity detectors, Heath
surveyed 1,007 components and dis-
covered 94 leaks—90 from valve stem
packing, 3 from pressure relief valves,
and 1 from a flange. Using the Hi Flow
Sampler, Heath quantified all leaks and
reported a total methane emissions rate
of over 900,000 cu m/year.

Following the survey, Kurskgas and
Heath began a pilot effort to replace
leaking stem packing in seven valves.
Worn packing on each valve was re-
placed with WL. Gore & Associates Inc.
valve stem packing for a total material
cost of $7. Leak reduction was im-
mediate, and validation measurements
confirmed that each leak was reduced
to a level below detection.

The initial Kurskgas investment was
$30,000, or $2.40/tCO,e/year, assum-
ing that all leaks were repaired. Posi-
tive initial results prompted Kurskgas
to expand the initial 47-station study
into a survey, measurement, and repair
campaign across more stations, cover-
ing over 3,300 components.

The project was the first leak survey

in Russia meeting eligibility require-
ments for joint implementation under
the Kyoto Protocol, meaning that it pro-
duces revenue in the form of verified
carbon credits.

Global project potential

Even with the industry’s application
of these methane emission reduction
technologies and practices, there are
still profitable opportunities for the oil
and gas industry throughout the world.
Fig. 2 represents methane emissions-
reduction project potential in the five
countries discussed in the case stud-
ies. Each country is represented by a
marginal abatement cost curve showing
cumulative emissions reduction poten-
tial on the x-axis and the reduction cost
on the y-axis. The curves are based on
methane emissions shown in Table 1,
mitigation project options such as those
identified by Table 2, and a discounted
cash flow analysis using a 10% discount
rate.

The reduction cost is also a project’s
breakeven value. Because methane is
valued differently depending on its use
and the local market, the breakeven val-
ue can be reached in a variety of ways
such as end-use sales revenues, operat-
ing cost savings, or carbon credit sales.
The curves for each of the five countries
show that a significant fraction of emis-
sions reductions are achievable at values
under $5/tCO_e.

The country curves provide a high
level view of methane emissions re-
duction potential and the cost tiers of
proven mitigation options. As expected,
countries such as Russia with more-
extensive oil and gas infrastructure

growing energy
demand, production,
and transmission are
expected to increase methane emissions
significantly through 2015, based on
the EPA outlook. Fig. 3 shows similar
curves for several key nations rapidly
developing a more-extensive oil and gas
infrastructure, such as China, India, Uz-
bekistan, and Venezuela. For these coun-
tries—as with any country—developing
new infrastructure using best practices
in methane emissions management is
essential to environmental stewardship
as well as project economics.

While the country curves indicate
that potential exists in many regions,
achieving results requires companies
to identify the emissions and invest in
the proven technology. TransCanada
Pipelines has achieved over 2 mil-
lion tCO e/year savings over the last
10 years through projects such as leak
surveys, low-emission compressor seals
installation, and blowdown avoidance. A
three-tier approach effectively translated
emissions management into emission
reductions. First, senior leadership pro-
vided strategic direction and approved
projects to align with business needs.
Second, program management mea-
sured progress on existing work and
oversaw research on new mitigation
options. Third, the execution and moni-
toring of these projects logged perfor-
mance data that allowed for continuous
improvement.

Pemex currently is well under way
with a similar initiative to identify, mea-
sure, and capture methane emissions
across its entire oil and gas infrastruc-
ture. The technologies and strategies Pe-
mex and TransCanada are using and case
studies of many other global oil and gas
operators are available to any company
or investor online through EPA’s Natural



Gas STAR web site.®

Global partnership

One successful initiative for decreas-
ing emissions to increase revenue is
Methane to Markets—a partnership
comprising 20 nations focused on the
goal of implementing the project types
shown here. The role of the Methane to
Markets Partnership is to bring organi-
zations together with international gov-
ernments to stimulate development of
methane mitigation projects. Under this
framework, US EPA launched Natural
Gas STAR International, a partnership
with oil and gas companies. About 120
oil and gas operators around the world
participate in Natural Gas STAR, volun-
tarily advancing the recovery and use
of methane as a valuable clean energy
source.

The private sector, the research com-
munity, development banks, and other

organizations also collaborate to execute
such methane-saving projects (www.
methanetomarkets.org).

An upcoming Methane to Markets
Project Expo in October in Beijing, Chi-
na, will bring together oil and gas opera-
tors and other stakeholders to combine
resources and knowledge for profitably
harnessing methane emissions.

Further information on the tech-
nologies discussed in this article can be
found at EPA’s methane emissions-con-
tainment web site (www.epa.gov/gas-

star/techprac.htm). 4
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